Vascular vegetation and protozoan communities were sampled in seven wetland sites -two bogs, two fens, two marshes, and one 'swamp' -in summer 1977. Two similarity indices were used to compare vascular vegetation and Protozoa from each site with all the other sites. Bog sites were the most distinct from other wetland types with respect to chemical and physical characteristics, dominant vascular vegetation, and protozoan species composition. The 'swamp' site had the highest similarity to all other sites with respect to both dominant vascular vegetation and protozoan species. Protozoan communities from different wetland types were much more similar than dominant vascular species; however, the pattern of similarity between wetland sites was very similar for both groups (Pearson product-moment correlation coefficient = 0.76).
Introduction
Marshes, bogs, fens, and swamps -the four major wetland types -attract considerable attention as man continues to modify and develop these fragile ecosystems. While some physiochemical information and data on higher plants are available for each of these wetland types, they have received less attention than they deserve from hydrobiologists and microbiologists. Microbial investigators have neglected these ecosystems largely because the mosaic of microhabitats in each of the vegetation types of the four wetland formations present difficult sampling problems. However, the aquatic component of wetlands is important for the maintenance of water quality and ecological integrity of adjacent lakes and rivers (National Wetlands Technical Council 1979) . This study will compare and contrast protozoan (including phytoflagellate algae) community structure with that of vascular plant vegetation in three of the four major freshwater wetland types. Protozoan community structure and the dynamics of the colonization process in protozoan communities of wetland sites will be compared to those of freshwater ecosystems generally, particularly of nearby lakes.
Environmental conditions encountered by Protozoa in each wetland type are influenced by vegetation and water levels at the site. The vegetation helps to determine the microclimate in which Protozoa live, including temperature and light regimes. Vegetational litter composition (nutrient content, tannins, etc.) and the presence or absence of species capable of symbiotic nitrogen fixation such as Alnus rugosa and Myrica gale help to determine chemical regimes.
A limited body of information is available about the vegetation, water characteristics, and water levels in northern Michigan wetlands. Early studies by Gates (1942) and his students provide qualitative descriptions of wetland vegetation and general descriptions of wetland sites. Later studies provide quantitative information on vegetation and some water characteristics in a limited number of bogs (Vitt & Slack 1975; Schwintzer 1978a Schwintzer , 1979 and fens (Schwintzer 1978b) . Water levels have also been described at one bog (Schwintzer 1978b (Schwintzer , 1979 .
Microbes (algae, Protozoa, and bacteria) of wetlands may contribute substantially to the annual primary productivity and overall metabolism of the aquatic component of these ecosystems. Bog vegetation in particular has been characterized as having very slow rates of growth and slow rates of decomposition (Wetzel 1975) , but bogs may have very high standing crops of plankton (Gannon & Paddock 1974; Bricker & Gannon 1976) .
Bog lakes in Cheboygan County, Michigan have been the focus of several limnological investigations in the past (Jewel & Brown 1929; Gorham 1931; Welch 1936; Gates 1942) . Of these, only Welch (1936) has investigated the Protozoa of a bog lake. Many species of Protozoa and phytoflagellate algae have been identified as 'acidophilous' or as living primarily in the Sphagnum spp. mat of acid lakes or bogs (Kahl 1930 (Kahl -1935 Smith 1950; Kudo 1966; and others) . However, no general survey of the Protozoa of all four major types of wetlands has been attempted.
This study was designed to examine vegetation, water levels, water chemistry, and Protozoa in the major wetland types to determine: (1) similarities and differences among wetland types, and (2) extent of covariation between vegetation, Protozoa, and water characteristics. We also wanted to determine if the Protozoa of wetland freshwaters are part of a larger freshwater continuum or whether they are unique and ecologically isolated from Protozoa of nearby lakes in northern Michigan. We wanted to see if there were a core species pool for all freshwaters in the area (preliminary evidence for this concept is in Yongue et al. 1973 ) with a few unique species in certain wetland habitats, or if there were truly ecologically isolated assemblages of Protozoa for particular wetland types. Also, we wanted to ascertain if the dynamics of protozoan communities in wetlands were different from those observed in other freshwater habitats (Plafkin et al. in press) .
The use of polyurethane foam unit (PFU) artificial substrates permitted uniform replicate samples to be collected from the diverse habitats in the various types of wetlands. The dynamics of protozoan communities have been successfully investigated in a variety of habitats using PFU artificial substrates . Henebry & Cairns (1980) discuss the advantages of using protozoan communities collected on artificial substrates in studies of community ecology.
Study area

Characteristics of the area
The wetlands included in this study are located in Emmet and Cheboygan counties in northern lower Michigan (Fig. 1 ). Wetlands as identified on US Geological Survey topographic maps occupy approximately 9% (109 km 2 ) and 15% (308 km 2 ) of the land areas of Emmet and Cheboygan counties, respectively. The region includes excellent examples of each of the four major wetland types: marsh, bog, fen, and swamp, as defined by Jeglum et al. (1974) for Ontario. This classification scheme is used in this paper and is based primarily on vegetation but also reflects chemical characteristics of soil as shown by Stanek & Jeglum (1977) . They found bog, fen-marsh, and swamp clearly distinguishable on the basis of concentrations of five macronutrients in peats from the Northern Clay Section of Ontario.
Northern lower Michigan is in the Northern Hardwoods Forest section of the Laurentian Mixed Forest (Bailey 1976) . The bedrock consists of dolomites and limestones, but outcrops are rare and most of the surface is covered by glacial deposits (Dorr & Eschman 1970; Alfred et al. 1973) .
The region has a warm continental climate (Bailey 1976 ) with wet and dry periods of up to several years in length which result in fluctuating water tables. Periods of high water occur at intervals of approximately ten years in Lake Michigan-Huron (US Dept. of Commerce, NOAA 1971) and in the Indian River Watershed, which includes a portion of the study area and is subject to similar meteorological conditions (US Dept.of Interior, Geological Survey 1961 Schwintzer 1978a) . During the summer of 1977, water levels were low throughout'the region and unusually low in some wetlands. Mid-July water levels in Bryant's Bog were 30 cm lower than at any time since measurements began in 1972 (Schwintzer 1979) . Similar observations were made in Inverness Mud Lake Bog. Additional information about the area is given in Schwintzer (1978b) .
Individual sites sampled
Seven wetlands were sampled in summer of 1977. These are shown in Fig. I and listed in Table I with wetland type, exact geographical location, and references to other studies dealing with the site. The following criteria were used in site selection: (a) presence of vegetation typical of one of the major wetland types, (b) presence of standing water intimately associated with the wetland, and (c) ease of access from the University of Michigan Biological Station to minimize the time between sample collection and analysis. Bog, fen, and marsh sites were readily identified to meet these criteria. Difficulty was experienced in finding suitable swamp sites because low water levels during summer of 1977 resulted in absence of standing water in depressions which often contain standing water during much of the summer. The individual sites are described below.
Bryant's Bog is a small kettle-hole bog consisting of two concentric zones: a free floating and a grounded mat surrounding a central pool. Vegetation samples were taken on the free floating mat. The microbial communities were sampled in the northwest section of the bog pool.
Penny Lake Bog is an open bog surrounding a small bog lake located at the eastern edge of Dingman Bog, an extensive bog in the upper reaches of the Mill Creek watershed. Vegetation samples were taken on the east, north, and west sides of Penny Lake. The microbial communities were sampled near the northeastern edge of the bog lake.
Mullet Creek Fen is an open fen extending along both sides of Mullet Creek from its banks to conifer swamps on slightly higher ground. The banks of the slowly flowing creek are irregular in shape and form several small bays of open water surrounded by fen vegetation on three sides. Vegetation samples were taken on both sides of the creek. The microbial communities were sampled in one of the bays along the southwest side of the creek near the center of the fen.
Hebron Mud Lake Fen is an open fen extending along the northeastern and eastern shores of Hebron Mud Lake from the edge of the lake to conifer swamp on slightly higher ground. The shore of the lake is irregular, forming several small bays of open water surrounded by fen vegetation on three sides. Vegetation samples were taken on the northeast and east sides of the lake. The microbial communities were sampled in a bay on the northeast side of the lake.
Hebron 'Swamp' is a portion of an extensive, conifer covered peatland complex extending along the Carp Lake drainage from Inverness Mud Lake to Hebron Mud Lake. A power line and associated gravel access road cross the peatland at right angles to Mud Creek between the Cheboygan-Levering Road and Interstate 75. The study site is a strip 20 m wide and 180 m long, centered on the area with the deepest standing water underneath the power line on the upstream side of the access road. The site has been highly disturbed and water has been impounded by the access road and also Interstate 75 during high water. In addition, much of the woody vegetation has been cleared or destroyed with herbicide. The area is covered by water-filled depressions interspersed with small hummocks. Vegetation samples were taken through- out the strip, and microbial communities were sampled in a depression at the center of the strip. Cheboygan Marsh is a lakeside deep marsh extending eastward and westward along the shore of Lake Huron from the Mouth of the Cheboygan River. The west marsh has been filled along the Cheboygan River, reducing its size and straightening its eastern edge. Vegetation samples were taken in the west marsh, and microbial communities were sampled near the midpoint of the eastern edge of the west marsh.
Minnehaha Marsh is a deep marsh at the downstream end of a wetland complex extending along the lower end of Minnehaha Creek to Channel Road. It is divided into two interconnected lobes by low conifer covered islands. Vegetation samples were taken in both lobes of the marsh, and microbial communities were sampled in the portion of marsh adjacent to the northeast side of the creek near Channel Road.
Materials and methods
Field methods: vegetation and water levels
The vegetation was sampled with nested circular plots. Ground layer species, including low shrubs and bryophytes, were sampled with I m 2 plots. Bryophytes were divided into two groups, 'Sphagnum spp.' and 'other bryophytes'. Tall shrubs (regardless of d.b.h.) and seedling trees (under 2.5 cm d.b.h.) were sampled with 16 m 2 plots. Presence and a visual estimate of percent cover were recorded for each vascular species and bryophyte group. Trees (over 2.5 cm d.b.h.) were sampled in 100 m 2 plots. Presence, number of individuals, and d.b.h. were recorded for each tree species.
Thirty or forty sample plots were taken at each wetland site in groups of ten. The groups were widely distributed within the area occupied by a given wetland type. Each group was located in a 60 X 60 m area within individual plots were located randomly.
The Hebron 'Swamp' site was divided into three contiguous 60 X 20 m strips, and ten plots were randomly located in each strip. In Bryant's Bog, vegetation samples were taken in 15 random plots which had been located in an earlier study (Schwintzer & Williams 1974) . Nomenclature for the vascular plants follows Voss (1972) for the gymnosperms and monocots, and Fernald (1950) for all others. Cattail (Typha latifolia) includes some hybrids between T. latifolia and T. angustifolia.
Water levels were measured in the vegetation sample plots in shallow wells dug in the centers of the plots. The wells were allowed to equilibrate, and water level was measured as the distance from the peat surface to the water. At points where the water table was above the surface, water depth was measured from firm substrate to the water surface.
Data anal sis: vegetation
Percent frequencies, mean percent cover, and importance values (l.V.) were calculated for ground layer species, tall shrub species, and bryophyte groups. Importance values were calculated for vascular plants as the sum of the relative frequency and the relative cover of each species using data for vascular plants only. Importance values for sedge (Carex spp.) and twig-rush (Cladium mariscoides) at the two fen sites were calculated using estimated values of mean cover obtained as described by Schwintzer (1978b) .
Coefficients of similarity between stands (Curtis 1959) were calculated for the vascular ground layer vegetation using the formula:
where c is the coefficient of similarity,'w is the sum of the lower of the two 1.V. for species shared by the two sites being compared, and a and b are the sum of all I.V. for communities A and B.
Field methods: Protozoa samples and water chemistry
Thirty-five 74 X 64 X 25 mm PFU artificial substrates were placed in each of the wetland sites in Table I in summer of 1977. PFUs were also anchored in Douglas Lake, Michigan, a mesotrophic lake near the wetland sites. The method of anchoring subtrates was slightly modified from that of Yongue et al. (1973) to allow the PFUs to be interspersed with the emergent vegetation found at each site. Groups of five PFUs were tied to anchors (rock-filled plastic bags) which were placed so that each PFU floated just below the water surface and close to or touching emergent vegetation typical of the wetland site.
Four replicate PFUs were collected from each site on days 1, 3, 6, 15, and 21 after placement. PFUs were also collected at Hebron 'Swamp' on days 28 and 49. All PFU substrates were placed in clean 500 ml glass screw-capped jars completely filled with water from the site and were returned immediately (usually within one hour) to the University of Michigan Biological Station.
Each time PFUs were collected, air and water temperatures were measured with a field thermometer; and dissolved oxygen, pH, and total hardness were measured at the site with a Hach Kit Model DR/ EL. Samples were collected for analysis of cations (Ca, Mg, Na, and Fe) and heavy metals by filling a 1-1 plastic cubitainer with water from each site. Each water sample was fixed with five drops of concentrated nitric acid and shipped to the water chemistry laboratory at Virginia Polytechnic Institute and State University (VPI & SU) within several days of collection.
Laboratory methods: Protozoa samples and water chemistry
Protozoans were harvested by fully squeezing the contents from each of four PFUs (approximately 110 ml of fluid) into separate 500 ml wide-mouth glass jars. After allowing the samples to settle for about half an hour, a glass pipette was used to take subsamples from the miniscus and from the debris which collected in the bottom of each jar. Four wet mount slides were prepared from the contents of the pipette, and the area under a 22 X 22 mm coverslip was thoroughly and systematically examined for Protozoa. Protozoa were identified (generally to species) under 100X and 430X of a compound microscope using standard taxonomic keys (e.g., Kahl 1930 Kahl -1935 Pascher 1913 Pascher -1927 Kudo 1966; Jahn & Jahn 1949 Examination of all samples collected on a particular day was usually completed within 12 h.
All determinations of Ca, Mg, Na, Fe, and heavy metals were performed on a Perkin-Elmer atomic absorption spectrophotometer (US Environmental Protection Agency [USEPA] 1974).
Data analysis: Protozoa
To determine if the process of species accumulation on PFU artificial substrates could be adequately described by the MacArthur-Wilson noninteractive colonization model, S(t) = Seq (I e GT) with equilibrium species numbers Seq and constant G related to transition time, nonlinear regression procedures with Marquardt methods of estimation (Barr et al. 1976) were used to fit the model to data. Lack of fit tests were then used to test for any significant lack of fit (Cairns et al. 1979) .
The similarity of protozoan species content in each pair of wetland sites (and Douglas Lake) was compared using the quotient of similarity (QS) developed by Sorensen (1948) for plant communities. The calculation of QS = [2C/A+B] X 100, where A = the number of species in one assemblage (population, community, etc.), B = the number of species in another assemblage, and C = the number of cases in which a species occurs in both populations, results in a value equal to the percentage similarity between two populations in proportion to the similarity that is theoretically possible.
Results
Vegetation: composition
Vegetation of the two bog sites consisted of tree, tall-shrub, and ground layers. The tree layer was moderately developed at Bryant's Bog and very sparsely developed at Penny Lake Bog. The tree layer in Bryant's Bog has been described quantitatively (Schwintzer 1978a ) and consists of these species in order of decreasing frequency: white pine (Pinus strobus), tamarack (Larix laricina), and black spruce (Picea mariana). In Penny Lake Bog, the tree layer consisted of six species with black spruce, white pine, and tamarack being the most frequent. The tall-shrub layer was 359 poorly developed at both sites. It consisted primarily of widely scattered individuals of bog holly (Nemopanthus mucronata) and wild raisin (Viburnum cassinoides) in Bryant's Bog and bog birch (Betula pumila) in Penny Lake Bog.
The ground layer was the most developed layer in both bogs (Table 2) . Leatherleaf (Chamaedaphne calic ulata) was the dominant vascular plant at both Bryant's Bog and Penny Lake Bog with I.V. of 64 and 98, respectively. Sphagnum spp. was also dominant in the two bogs with mean cover exceeding that of leatherleaf in Bryant's Bog and second only to that of leatherleaf in Penny Lake Bog.
The vegetation of the remaining sites consisted entirely of a ground layer (Table 3, 4). In both fens, sweet gale (M'rica gale) and hairy-fruited sedge (Carex lasiocarpa) were among the three most dominant vascular plants. Sphagnum spp. was absent, but the 'other bryophytes' group was well developed with mean cover of 15% and 51% at Mud Lake Fen and Mullet Creek Fen, respectively.
The two marshes did not have a dominant species in common. Cattail (Tvpha latifolia, I.V. = 84) and hard-stem-bulrush (Scirpus acutus, I.V. = 54) were the leading dominants at Cheboygan Marsh and Minnehaha Marsh, respectively. Bryophytes had only low cover at both sites. In Hebron 'Swamp', duckweed (Lemna minor, I.V. = 39) was the leading dominant with leatherleaf (1.V. = 32) and cattail (I.V. = 27) codominant. As in the marshes, bryophytes had only low cover.
Vegetation: coefficients of similarity and total cover
Vascular vegetation at the seven wetland sites was compared by means of coefficients of similarity (c; Table 5 ). These coefficients reflect species composition, distribution of species within the stand, and their mean cover. The two bogs were similar to each other (c = 0.46) and were dissimilar to the fens and marshes (c < 0.05). The two fens were also similar to each other (c = 0.50) and were dissimilar to the bogs (c < 0.05) and Cheboygan Marsh (c < 0.06). However, they were moderately similar to Minnehaha Marsh (c 0.30). This moderate similarity was in agreement with the visual appearance of Minnehaha Marsh, which gave the impression of being a flooded fen. The two marshes had little similarity to each other (c = 0.10). However, Cheboygan Marsh was moderately similar to Hebron 'Swamp' (c = 0.34) which, in turn, was dissimilar to all other sites.
The total cover of vascular plants and bryophytes at the seven wetland sites also formed a distinct pattern in relation to wetland types (Tables 2, 3 , and 4). The bogs and fens had relatively high total vascular cover of between 50% and 75%, while the marshes and Hebron 'Swamp' had lower cover of between 30% and 40%. Total bryophyte cover was considerably greater in the bogs and fens than the marshes and Hebron 'Swamp.' Most byrophyte cover in the bogs was due to the 'Sphagnum spp.' group; whereas in the fens and marshes, the cover was entirely due to the 'other bryophytes' group.
Water levels and water characteristics
Early-to mid-summer water levels within the vegetation at the seven wetland sites are given in Table 6 . Mean water levels were well below the surface in the bogs, slightly below the surface at the fens where water was observed at the soil surface at some sample points, and well above the surface in the two marshes and Hebron'Swamp'.
Physical and chemical characteristics of the standing water sampled for Protozoa in the seven wetlands and Douglas Lake, Michigan, are given in Table 7 . The two bog sites show low levels of total alkalinity, conductivity, dissolved oxygen, pH, Ca, Mg, and Na. Little else in the water chemistry would distinguish wetland sites from Douglas Lake or from most other typical deep, hard-water, unstained, moderately mesotrophic lakes. Protozoan colonization patterns and rates Species accumulation or colonization curves for the seven wetlands and for Douglas Lake are presented in Figure 2 . At almost all wetland sites, colonization of PFU substrates was extremely rapid. In the bog and fen sites, a substantial percentage of the ultimate number of species accumulating on the PFUs appeared within 1-3 days. Colonization rates for the two marshes and Hebron 'Swamp' were not as rapid. While species numbers were much greater in Hebron 'Swamp,' the overall pattern of species accumulation was very similar to that of Douglas Lake. Table 8 shows the maximum average number of species (average number recorded from four PFU samples) from each site, the day on which this maximum was reached, and what percent of the maximum number colonized the PFUs by day one. In the two fens, over 90% of the ultimate maxima was recorded by day one. A very high percentage of the maxima was also recorded on day one PFUs from both bogs and from Cheboygan Marsh. In Hebron 'Swamp', a maximum average of 132.5 species occurred on PFUs collected on day 21; in one of these samples, 138 species were identified. The maxima recorded in wetlands other than Hebron 'Swamp' and Mullett Creek Fen were in the same range as the maximum for Douglas Lake.
The MacArthur-Wilson island colonization model adequately described the buildup of species on PFUs at all sites except the two fens ( Table 9 ). Estimates of G (which can be used to compare colonization rates) and Seq (equilibrium species numbers) are presented for sites where there was no significant lack of fit (a (F) > 0.01). Substrates from the bog sites had unusually high G values, but Seq numbers that were typical of many lakes (50-60 species). By contrast, PFUs from Hebron'Swamp,' with the highest Seq we have recorded (>100 
Results QS values andflagellate:ciliate:sarcodine ratios
The overall average similarity of protozoan species content between each pair of sites was 63.4%; QS values ranged between 54.2 and 75% (Table 10) . Hebron 'Swamp' had the highest average QS with all the other sites (66.6%), but was followed closely by Mud Lake Fen (65.6%), Mullett Creek Fen (64.7%), and Minnehaha Marsh (64.6%). Bryant's Bog and Penny Lake Bog, with QS values of 58.3% and 62.0%, respectively, showed the lowest average similarity to all other sites. Bryant's Bog was most similar to Penny Lake Bog in species composition (QS = 61.2%), but Penny Lake was most similar to Mud Lake Fen (QS = 66.2%). The two fens, at 71.9%, had the highest species similarity of any two wetlands of the same type. However, the species composition of Mullett Creek Fen was even slightly more similar to that of 'Mean number of species on four PFU substrates. Lake Fen also showed a high similarity to those of Hebron 'Swamp' (QS = 70.8%). The two marshes were neither one as similar to each other in species composition (QS = 66.0%) as they were to other sites. Minnehaha Marsh was most similar to Douglas Lake (QS = 69.2%) and Cheboygan Marsh was most similar to Hebron 'Swamp'; the QS (75.1%) for Cheboygan Marsh-and Hebron 'Swamp' was the highest recorded. Table 11 gives the percent similarity of high abundance species between wetland sites; QS values were calculated using only species which exhibited 100 or more individuals per counted subsample (i.e., abundance = five species). Overall average percent species similarity (QS = 20.9%) was much less than when all species were included in the calculations; QS values ranged from 41.5% between Penny Lake Bog and Hebron 'Swamp' to 0.0% similarity in three comparisons (Bryant's Bog had no species in common with either Douglas Lake or Minnehaha Marsh, and Minnehaha Marsh and Cheboygan Marsh had no species in common). Hebron 'Swamp' had the highest average QS with all other sites (28.5%) species in Bryant's Bog showed the lowest average similarity to other sites (10.8%). Table 12 presents total species numbers, numbers of abundance = five species, and flagellate: ciliate:sarcodine ratios found in samples from wetland lakes studied in 1977. An average of 265.9 species were recorded from wetland sites. Hebron 'Swamp' had the greatest species richness (365), followed by Mud Lake Fen at 330 species. Bryant's Bog and Cheboygan Marsh, at 214 and 210 species, respectively, showed the lowest overall species richness. Each site had approximately equal numbers of ciliates and flagellates, with numbers of sarcodine species totalling less than one-fifth of the other two groups. When only the abundance = five species were considered, the bog sites were exceptional in having 3 to 5 times as many flagellates as ciliates; other sites still had approximately 1:1 ratios.
Discussion -vegetation
The vegetation of the three major wetland types examined was distinct with only low levels of similarity between types (Table 5) . Moreover, the vegetation of the bogs and fens showed strong within type similarity. In contrast, that of the marshes showed little. These observations are consistent with the nature of the definitions of the three wetland types in the classification (Jeglum et al. 1974) used in this study. The definitions of bog and fen are narrower than that of marsh. They include the behavior of the genus Sphagnum and family Ericaceae, as well as physiognomy of vegetation and groundwater relations. The vegetation of the bogs and fens is similar to that of other bogs and fens described in northern Michigan and Minnesota. The bogs closely resemble the 'closed mat zone' community type found at each of eight northern Michigan wetland complexes by Vitt & Slack (1975) and four additional bogs in northern Michigan (Schwintzer, in press ). They also show considerable resemblance to the 'Sphagnum-black spruce leatherleaf bog forest' and 'Sphagnum-leather-leaf Kalmia-spruce heath' of northern Minnesota (Heinselman 1970) . The fens closely resemble two additional fens in northern Michigan (Schwintzer 1978b ) and show considerable resemblance to the 'Cedar-string-bogand-fen' and 'Larch-string-bog-and fen' in northern Minnesota (Heinselman 1970) .
The Hebron 'Swamp' site was included in this study because it was the only site with some swamp characteristics available in the unusually dry summer of 1977. However, it lacks one of the major swamp characteristics -the presence of a dominant woody layer consisting of either tall shrubs or trees. Our results show that the site was actually marsh-like as indicated by the pattern of similarities of the vascular vegetation to the other sites studied (Table   5) , total vascular and bryophyte cover, and water level (Table 6 ). The vegetation of Hebron 'Swamp' had a low level of similarity to the bog sites(c =0. 17), fen sites(c =0.10,0.17), and Minnehaha Marsh(c= 0.16). However, it was moderately similar to Cheboygan Marsh (c = 0.34). The similarity between Hebron 'Swamp' and both marshes is greater than that between the two marshes. Thus, Hebron 'Swamp', a highly disturbed site, is probably best considered a marsh at the present time, although it is surrounded by swamp and was occupied by swamp vegetation before it was disturbed.
Discussion of water levels and water chemistry
The wetlands formed three distinct groups with respect to water levels. Water levels were well below the surface in the bogs, slightly below the surface in the fens, and well above the surface in the marshes and Hebron 'Swamp'. The difference between the bogs and fens on one hand and the marshes on the other is to be expected on the basis of the wetland classification used and consequent criteria used in site selection. The observed difference between bog and fen sites could not have been anticipated on this basis.
The observed differences in water levels are probably an important factor contributing to the pronounced differences in vegetation in the bogs, fens, and marshes. Water levels are closely related to moisture-aeration regime which is a major environmental influence in wetlands (Heinselman 1963 (Heinselman , 1970 Jeglum 1973 Jeglum , 1974 Moore & Bellamy 1974; Vitt & Slack 1975 ; and others) affecting floristics and productivity of vegetation as well as peat development processes. Moisture content of surface peat is rectilinearly correlated with distance between the surface and the water table for water levels ranging from near the surface to 50 cm beneath the surface (Heikurainen et al. 1964) . However, aeration depends on both water level and the extent of water movement (Sparling 1966) .
The wetlands formed two distinct groups with respect to chemistry of standing waters. The two bogs had low values for water characteristics reflecting the degree of telluric water influence (water that has percolated through mineral soil or bedrock), namely pH, conductivity, total alkalinity, Ca, and Mg; whereas the remaining five wetlands and Douglas Lake had much higher 367 values for these characteristics. Degree of telluric water influence is a major factor in wetland nutrient relations (DuRietz 1954; Sjbrs 1950 Sjbrs , 1961 Gorham 1967; Heinselman 1970; Moore & Bellamy 1974; Pietsch 1976; & others) , and two main classes of wetlands are recognized on this basis: (1) ombrotrophic, and (2) minerotrophic. Ombrotrophic wetlands are solely dependent on precipitation for water and minerals. Consequently, their waters are highly deficient in telluric mineral ions and have low pH, conductivity, and total alkalinity. In contrast, at least some telluric water enters minerotrophic wetlands. Here telluric ion content of the water, as well as pH, conductivity, and total alkalinity, depend on the amount of telluric water entering the wetland and the nature of the underlying strata in the region.
The observed values for pH, Ca, and Mg in the two bog pools fall within the range of weakly minerotrophic waters (Heinselman 1970; Moore & Bellamy 1974) , indicating that they are largely but not completely isolated from telluric waters by the accumulated organic layers beneath them and the vegetated organic mat surrounding them. In contrast, the waters of the remaining wetlands and Douglas Lake are minerotrophic to strongly minerotrophic (Heinselman 1970; Moore & Bellamy 1974) , indicating strong influence of telluric waters and reflecting the calcareous nature of the bedrock in the region.
The chemistry of the water within the peat where the vegetation is growing can be expected to differ from that in adjacent open pools due to the activities of living plants, decay of dead plant parts, and the buffering effect of peat. Such differences have been observed in Bryant's Bog which has been extensively studied (see Table 1 for references). Welch (1936) noted that the water of the pool was less acid (pH = 4.4-6.0) than the water impounded in the mat (pH = 3.4 4.0). Later Schwintzer (1 978a ) observed similar differences in pH and also found much higher concentrations of N (NO3-N + NH 3 -N) and P (total-P) in the mat than the pool. These differences are consistent with H + production by the bog vegetation, especially Sphagnum spp. (Hemond, in press) , and release of N and P by organic matter decay.
Discussion of protozoan colonization patterns and rates
In studies of over 40 freshwater lakes in Michigan, Colorado, and Virginia which used PFU artificial substrates to collect protozoan species, we have never seen colonization as rapid as at some of the sites in this study. In all other lake studies, 1-3 weeks were required for numbers of protozoan species to reach equilibrium. Colonization in the fens was so rapid (90% of ultimate maximum species numbers reached within one day) that the noninteractive colonization model could not be fit to the data. When data from Cheboygan Marsh and the two bog sites were fit to the model, the resulting G values were the highest we have observed. Cairns et al. (1979) have related the rate at which PFU substrates were colonized by Protozoa to the degree of eutrophication in lake ecosystems. After fitting the noninteractive model to data from their study of Smith Mountain Lake, Virginia, an impoundment of two rivers that has a welldocumented eutrophic gradient, they obtained G values ranging from 0.31 at the cleanest station to 1.43 at the most enriched site. The G values of 2.42 for Bryant's Bog, 1.64 for Cheboygan Marsh, and 1.48 for Penny Lake Bog indicate that these sites were probably more eutrophic than the eutrophic station in Smith Mountain Lake. More evidence of a high degree of eutrophy in bog lakes will be presented in later discussion.
Discussion of QS values
The percent similarity of protozoan species content between each pair of wetland sites was relatively high, and the QS values for the 28 comparisons in Table II fell into a fairly narrow range (54.2-75.1%). The average similarity of any one site with all other sites was even narrower (53.8-66.6%). This suggests there was probably a 'core' group of species that occurred in bodies of water throughout the study area located in northern lower Michigan. Such a core group of broadly adapted protozoan species was hypothesized in a study of two geographycally proximate but chemically dissimilar bodies of water in northern Michigan . The overlap of species between those two bodies of water was >50%, even though they were very dissimilar chemically. Because of the high degree of similarity between sites, differences in QS values using all species provided little evidence that protozoan species pools were unique to certain wetland types. Species in four of the six paired wetland sites were more similar to species pools from another wetland type than to species pools from the same type of wetland. Thus, Penny Lake Bog, Mullett Creek Fen, and Cheboygan Marsh were all more similar to Hebron 'Swamp' than to the other bog, fen, or marsh sites; and Minnehaha Marsh was most similar to Douglas Lake.
Species content in Hebron 'Swamp' may have been highly similar to many other sites partly because it contained so many species (365). An intensive study of Bergen Swamp in the state of New York by Hotchkiss (1950) revealed 345 species of algae, and Hohn (1950) recorded 240 species of diatoms for a total count of 585 algal species. Their samples were collected from the swamp over a period of four years, but this still gives some indication of the great number of species of a major taxonomic group which can be found in the diverse swamp habitat. Mullett Creek Fen and Mud Lake Fen also had very high species richness (Table 12) , and they likewise had a high similarity of species with many other sites. By contrast, the two sites with the lowest species richness, Bryant's Bog and Cheboygan Marsh, had relatively low similarity to other wetland sites. A site such as Hebron 'Swamp', with a great number of species (richness), would logically have a greater chance for a high number of matches with almost any species pool than would a site with lower species richness. Hebron 'Swamp' may also have a slightly more generalized species pool than the other sites. Similar patterns were found in the vascular vegetation of these same wetland sites. The fen sites had the greatest degree of similarity with each other (c = 0.50), followed by the two bog sites (c = 0.46). The two marsh sites were not very similar in vegetation, and as in our study of the protozoan species, Cheboygan Marsh was most similar to Hebron'Swamp'. These results were interpreted as related to the fact that the physical environment at the marsh and 'swamp' sites was quite diverse. Hotchkiss (1950) stressed that the diverse habitats in Bergen Swamp favored the establishment of a great diversity of algal species. By contrast, bog and fen sites are much more narrowly defined physically and chemically. Bog lakes are also harsh environments with low pH's and low total hardness and low cations; these factors have been shown to severely limit the kinds of organisms which can exist in bog lakes (Welch 1936; Jewel & Brown 1929) .
Percent similarity of high abundance species (abundance = 5) was much less than when all species were included in the calculation of QS values (Table 12 ). This was shown both in the lower overall similarity of sites with each other (20.9%), and by the fact that Bryant's Bog had no species in common with two other sites. The two marsh sites had no species in common. This provides strong evidence that the highly abundant species were adapted to, or at least tolerant of, the conditions existing at a particular site. This follows Preston's (1948) assertion, confirmed by Patrick (1967) for diatom communities, that most species in a community exist in relatively low abundance with only a few particularly well adapted species having very high abundances. Hebron 'Swamp' had the highest average QS with all other sites (28.5) when all species were included, while species in Bryant's Bog showed the least average similarity (10.8%) to other sites. Again, this may be at least partly a function of the great number of high abundance species in Hebron 'Swamp' (28 different species recorded a total of 60 times).
Although different similarity indices were used in the analysis of vascular vegetation and protozoan data, and overall similarity was somewhat different (14.1 % overall for vascular plants vs 58.3% overall for Protozoa and 20.9% for abundance = five species), the overall pattern of similarity between sites was comparable. For example, Hebron 'Swamp' had relatively low similarity to bog sites and to Minnehaha Marsh, but had a high similarity to Cheboygan Marsh as measured by both vascular vegetation and protozoan species. For both groups, the greatest similarity between two wetlands of the same type was exhibited by the fen sites. The Pearson product-moment correlation coefficient (Barr et al. 1976) for the average similarity of a particular site with all other sites with respect to vascular vegetation and protozoan species was 0.76. Thus, a correlation exists between the degree of protozoan community similarity and the vascular plant similarity between sites.
The percent similarity of protozoan species was calculated for several northern Michigan Lakes sampled in summers of 1977, 1978, and 1979 . The highest QS (62.7%) was between samples from Walloon Lake and Douglas Lake in 1978; samples from Douglas Lake in 1977, and from Burt Lake in 1978 had the lowest QS (32.4%). The overall species similarity among lakes sampled in 1978 was 59.2%.
Discussion offlagellate: ciliate: sarcodine ratios
The ratios of flagellates: ciliates: sarcodines were unlike those reported in previous studies of Protozoa from the bog mat (Heal 1961; Bovee 1979) . In those studies where Protozoa were extracted directly from the Sphagnum spp. mat, sarcodines were very important in both numbers of species and in abundance. Bovee (1979) found 33 flagellates, 56 ciliate, and 56 sarcodine Protozoa in a study of an acid Sphagnum bog in the region of Lake Itasca (Minnesota, USA). Heal (1961) studied only testate sarcodines in his investigation of Protozoa in some fens and bogs of northern England. His samples were preserved in 70% alcohol, which would distort many nontestate species of Protozoa beyond recognition. The live samples from most of our wetland sites had about equal numbers of flagellates and ciliates, with numbers of sarcodine species comprising <20% of the total species composition. Among abundance = five species, we found 3 to 5 times as many flagellates as ciliates, with no site having >2 species of sarcodines. This disparity in types of species between our study and others can probably be attributed in part to our sampling the open waters rather than the bog mats where conditions seem to favor testate sarcodines (Heal 1961) and in part to our examination of live vs preserved samples. Welch (1936) found only 11 species of Protozoa in net plankton samples from the open water of Bryant's Bog, 5 flagellates, 3 ciliates, and 3 species of sarcodines. Bricker & Gannon (1976) have reported very high levels of phytoplankton standing crop, as measured by both chlorophyll -a and direct counts, from several bog lakes in northern lower Michigan. They measured a maximum of 335.5 Mug/ chlorophyll -a and mean surface value of 54.8 /ug/I chlorophyll from Hoop Lake bog in 1975. Their studies included Bryant's Bog. Schwintzer (1978b) noted that Bryant's and Hoop Lake bogs are similar with respect to many physical and chemical parameters.
As Bricker & Gannon (1976) point out, recent trophic classification schemes consider lakes with chlorophyll -a values over 10-15 g g/I as eutrophic (Sakamoto 1966; National Academy of Sciences 1972; USEPA 1974) . Therefore, Hoop Lake and Bryant's Bog lakes could be considered eutrophic, or even hypereutrophic, based on standing crop of phytoplankton. Of the four major wetland types, acid bogs have been found to have the lowest net primary production of macrophyte vegetation (Richardson 1979) . Acid bog lakes are generally considered faunistically depauperate and often lack fishes and many invertebrate groups (Barry & Schlinger 1977 as cited in Clark 1979 . Earlier investigators considered these and other northern lower Michigan bogs low in plankton productivity and decidedly dystrophic (Jewel & Brown 1929; Gorham 1931; Welch 1936 ). However, they looked primarily at net phytoplankters. Bricker & Gannon (1976) found that the nannophytoplankters Chlorella and Dictyosphaerium were two of the predominant algal species in their study of Hoop Lake Bog. They concluded that since Dictvosphaerium pulchellum was consistently found below the level of light penetration during summer, and since pigmented algae have been observed to utilize dissolved organic substances for energy and growth (Samejima & Meyers 1958; Parker et al. 1961; Danforth 1962; Stanier 1973) , that it was possible that both heterotrophy and photosynthesis may have been responsible for the algal blooms under low light conditions in Hoop Lake.
Our studies of Protozoa (including the phytoflagellate algae) dealt with a portion of the nannoplankton which to our knowledge has never been systematically studied in wetland lakes.
Because of their open-cell structure, PFU artificial substrates collect many planktonic Protozoa as well as substrate-associated sessile and crawling forms (Henebry & Cairns 1980) . (For scanning electron micrographs of the structure of PFU substrates and some of the early colonizers of these units, see Paul et al. 1977) . The nannoplankton seen in Bricker & Gannon's study, because it was from preserved samples, consisted of either nonmotile groups with rigid cell walls (Clorophyceae), motile algae with loricas (Chrysophyceae, Bacillarieae), or blue-green algae (Myxophyceae). Our samples were examined live and contained many species of Protozoa and motile algae. Most of these organisms are destroyed or distorted beyond recognition by preservation techniques. We also observed Dictyosphaerium, Chlorella, desmids, diatoms, and blue-green algae, but the protozoan component was represented in large numbers and was much more diverse. Table 13 lists only the highly abundant species found in wetland sites, yet 12 and 27 of these species were found in Bryant's Bog and Penny Lake Bog, respectively. Bricker & Gannon (1976) found only 23 total species of nannophytoplankton in the pool of Hoop Lake Bog. This disparity in numbers of species was even greater when considering the total species richness in our samples. There were 83 species of flagellates in the pool of Bryant's Bog, and 118 species in Penny Lake Bog; most of these were what phycologists would consider motile green algae. When all Protozoa in our samples are included (flagellates, ciliates, and sarcodines), total numbers of species rise to 214 for Bryant's Bog and 247 for Penny Lake Bog. These numbers are within the range for other lakes and wetlands in northern lower Michigan and certainly do not indicate a restricted pool of Protozoan species in bog sites.
An unusually high number of protozoan species in our samples seemed to be utilizing photosynthesis in their metabolism; most samples were green and turbid from the high numbers of chlorophyl-bearing organisms. Not only were such phytoflagellates as Glenodinium, Croomonas, Cryptomonas, Gonyostomum, and Chlamydomo-nas found in large numbers, but many abundant ciliates contained what appeared to be zoochlorellae. Those ciliates included Ophrvdium ectatum and Stentor polymorphous; Paramecium burasaria was also found in lower abundance in both bogs. Zoochlorellae are typically found in the above species (Kahl 1930 (Kahl 1935 Kudo 1966) . Nearly the whole surface of the shallow flocculent bottom of the pool of Penny Lake. Bog was covered with a bloom of 'Ophyryidium balls', composed of Ophrvdium ectatum. Thus, a very significant amount of photosynthetic activity may have been undertaken by the large protozoan component of the microbial communities of bog pools in our study.
Summary and conclusions
In respect to both vascular vegetation and species composition of protozoan communities, clear differences emerge between bogs, fens, and marshes. This is particularly interesting in the case of the protozoan communities since most protozoan species are able to tolerate a broad range of physical and chemical conditions (Cairns 1964; Noland & Gojdics 1967) .
1. The wetlands examined formed three distinct groups with respect to vascular vegetation and midsummer water levels. The vegetation differed strongly between bogs, fens, and marshes and was very similar within the bogs and fens but differed within the marshes. Midsummer water levels were well below the surface in the bogs, near the surface in the fens, and well above the surface in the marshes. The highly disturbed Hebron 'Swamp' site was marshlike in vegetation and water level and is probably best considered a marsh.
2. The wetlands formed two distinct groups with respect to chemistry of the standing waters: bogs, and all other sites including Douglas Lake. The bogs were weakly minerotrophic, and all the other sites were minerotrophic to strongly minerotrophic.
3. The similarities and differences between wetland sites were not as great for Protozoa as for vascular vegetation, but the patterns were similar. Between two wetlands of the same type, fens were the most similar in respect to both vascular vegetation and protozoan communities; bogs were the next most similar to each other for both groups.
In marsh sites, there was less similarity between both vascular vegetation and protozoan communities. Hebron 'Swamp' was highly similar to Cheboygan Marsh with respect to both vascular vegetation and protozoan communities.
Similarities between sites were much higher when all species of Protozoa were considered than when only the high abundance species were used to calculate a quotient of similarity. These findings were consisitent with the hypothesis that many species of microorganisms (including Protozoa) can exist under a wide variety of conditions, but particular species become abundant only when conditions are favorable.
4. The standing water in bog sites was the most distinct chemically, and protozoan community composition in bogs was likewise most distinct from other types of wetlands. The species richness in bogs was lower than the average for all wetland sites. Among the abundance = 5 species, bogs had very high flagellate:ciliate ratios -3 to 5 times as many flagellates as ciliates vs approximately a 1:1 ratio in other types of wetlands. Also, a very high proportion of Protozoa in bogs contained chlorophyll in either chloroplasts in flagellates or in what appeared to be zoochlorellae in ciliates. Whether or not these chlorophyll containing Protozoa were actively carrying on photosynthesis is not clear.
5. The colonization rate of the PFU artificial substrates by Protozoa at fen and bog sites and Cheboygan Marsh was the highest we have measured in studies of over 40 lakes representing all trophic levels. This indicates that the open waters at these wetland sites may have been highly eutrophic. Marshes characteristically show the highest total productivity of all wetland systems (National Wetlands Technical Council 1979); however, these findings seem to contradict the general concept that bog lakes are dystrophic.
6. There have been few studies of the open waters of wetlands and no comprehensive simultaneous sampling of Protozoa and vascular vegetation in several major types of wetlands. As such, our study was the first of its kind. We found wetland sites to have generally greater numbers of protozoan species than lake sites in the same region of northern lower Michigan. Substrates from Hebron 'Swamp' (at 365 species) and Mullett Creek Fen (at 330 species) contained the greatest number of protozoan species reported from any body of freshwater that we have examined (species lists from each site would be far too lengthy to be included in this paper but are stored in the I.B.M. 370 computer at VPI & SU). We have presented the highly abundant species from each site in Table 13 .
It would have been virtually impossible to collect Protozoa directly from each of the microhabitats in the wetland sites even if sufficient time had been available. We feel that the use of artificial substrates was the only practical method of sampling Protozoa of these wetland sites. The PFUs probably did not collect Protozoa from all possible microhabitats at each site nor could they possibly have collected a representative of every species at each site. But PFUs do provide a uniform substrate for colonization by Protozoa and, as the error bars in Fig. I show, the number of species collected by PFUs was generally highly replicable. Also, there is evidence that PFUs do collect a community that is quite similar to that sampled from natural substrates .
In conclusion, the structure and dynamics of protozoan communities of wetlands seem to be broadly different from that of other freshwaters, and somewhat unique to particular wetland types. However, protozoan communities of wetlands do also appear to be part of a continuum of those found in other freshwaters that we have examined since they contain many species also found regularly in these other systems.
